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C E L E R A T I N G VARIETY RELEASE
ITH DOUBLED HAPLOIDS
The research officer for
this project is Sue
Broughton. Technical
f " ) / ' he use of plant tissue culture to produce special lines called
officers are Penny Priest, *^s doubled haploids is reducing the time taken to breed new varieties
Lee-Anne McFawn, and of cereal crops by up to three years. Sue Broughton outlines what
Kevin Jose. Senior barley doubled haploids are, how they are produced, and why they have been
breeder is Dr Reg Lance able to shortcircuit the usual lengthy breeding process.
and senior wheat breeders
are Robin Wilson and
The production of doubled haploids,
Plant
breeding
is
Dr Iain Barclay
however, bypasses this process. Haploid
traditionally a slow
plants are generated from pollen or egg
process, with the release of new cereal
cells and subsequently require chromovarieties taking up to 12 years.
some doubling to restore fertility and
The process begins with the evaluation of
the normal diploid chromosome number.
introduced and local breeding lines to
Chromosome doubling may either occur
identify elite genetic material. Promising
spontaneously or be induced by the
lines are then crossed or hybridised to
application of certain chemicals. The
produce crossbreds that combine the
term, doubled haploid, is used to
desirable aspects of both parents.
differentiate these plants from conventionally bred lines.
After crossing, at least four generations
(usually four years) are required to obtain
true breeding or homozygous lines, with
minimal genetic variation, in selffertilising crops such as wheat, barley,
lupins, oats and peas.
Spontaneous
chromosome
doubling occurs in
about 70 per cent
of barley plants
generated from
microspores, and
these plants will
be fertile doubled
haploids and will
set seed. Other
lines will not set
seed and are
sterile (haploids).
(see right)

However, when tissue culture techniques
are used to generate true breeding lines,
this time can be reduced to less than a year.
These tissue culture derived lines are called
doubled haploids.

To accelerate the breeding process, doubled
haploids

are

produced

from

early

generation hybrids (Fj or F 2 ). An Fj or
hybrid plant contains genetic material from
both

parents

and

the

genetic

recombination that occurs during the
formation of pollen and egg cells (a process

Doubled haploids are plants generated
directly from pollen or egg cells. These cells
are termed haploid as they contain only half
the chromosome complement of the parent
plant. Under normal conditions, the full
chromosome complement - diploid - is
restored after fertilisation and the union of
pollen and egg cells.
*
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Conventional Method
(F2 progeny)

Doubled Haploids
Year
1

Fl
F2
K3

F2 Progeny Method
with yield add quality
data collected oo early
generation bulks

Stage 1

Doubled haploid
production takes less'
than 12 months

F4

Microspore culture is technically a more
difficult method although, if successful,
can yield better results as microspores are
freed from the restrictive competitive
confines of the anthers.

FS

Both techniques divert the microspores

F6
F7
Fit

F»

away from their normal developmental

Yield trials of
homozygous lines .

pathway, which is to become a mature

•• i
Widescale regional ;

FI«

Stages 3 & 4
(Crop Variety Testing Program)

pollen

cell. Instead, the microspores

Fll

develop directly into haploid plants. In

F12

barley, spontaneous chromosome doubling
occurs in about 70 per cent of plants

Figure 1

generated from microspores and these

called meiosis) means these cells, and
plants generated from them, will all be

plants become fertile doubled haploids.
Haploid plants are sterile and will not
set seed.

genetically different.
In doubled haploids, that genetic variation
is fixed in one step by chromosome
doubling, and the plant becomes 100 per
cent true breeding or homozygous. In
conventional breeding, this process takes
around four to five years, with 50 per cent
of genes fixed after each generation of selffertilisation.
Doubled haploids are being used in
Agriculture Western Australia's barley and
wheat breeding programs and can reduce
the time taken to release new varieties by
up to three years (Figure 1). They are an
important tool in accelerating variety
release, enabling breeding programs to
respond more rapidly to changing market
requirements.

While anther and microspore culture
methods work well in barley, they are
not very successful in wheat. Therefore,
an alternative method, called widecrossing, is used.
Wide-crossing involves the pollination of
wheat with maize. Before pollination, all
wheat anthers are removed to prevent selffertilisation. Fresh maize pollen is then
applied to wheat flowers, and because
maize and wheat are distant "relatives", a
brief partial fertilisation occurs.

Below:
Barley anther
culture - anthers
are pretreated on
a mannitol
medium then
transferred to an
induction
medium. The
induction
medium contains
nutrients, a
carbohydrate
source (maltose),
vitamins, amino
acids, and plant
growth hormones.
During a sixweek incubation
period, a small
proportion of
microspores may
develop into
embryoids (left)
which are
transferred to
regeneration and
root induction
medium (right).

Methods of producing doubled
haploids in barley and wheat
Two similar methods of producing doubled
haploids

are anther

and

microspore

culture. Anthers contain immature pollen
cells, called microspores, which may be
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Because the cross is so wide, all maize
chromosomes are rapidly eliminated from
the developing embryo. The result is a
haploid embryo, containing only wheat
chromosomes. No endosperm is formed so
the embryos must be dissected from the
developing seed in a process called embryo
rescue.
The embryos are then germinated on a
plant tissue culture medium and become
haploid plants. The plants are treated with
a chemical, such as colchicine, which
induces chromosome doubling to produce

Below:
Wheat x maize
wide-crossing
method - wheat
plants are
emasculated by
removing the
anthers, (see left)
This prevents
self-fertilisation.
Several days
later, the female
part of the flower
(stigma) becomes
receptive and
collected fresh
maize pollen (see
right) is applied

fertile doubled haploid plants.

Doubled haploids and plant
breeding
Plant breeders have been interested in the
potential of doubled haploids for many
years and, in addition to barley and wheat,
they are produced in crops such as canola,
maize, potato, rice, sugarbeet, and tobacco.
Doubled haploids are also extremely useful
in gene mapping and the development of
molecular markers due to their total
homozygosity. They are easier to work with
than conventional lines, where there is
often some residual genetic variability or
heterozygosity.

Wheat embryos must be rescued about
two weeks after pollination because no
endosperm has formed. Seeds are surface
sterilised and haploid wheat embryos are
dissected from the seed and placed on a
nutrient medium. Embryos germinate and
develop roots and shoots in about three to
four weeks.
For plant breeders, one of the biggest
limitations can be the production of large
enough numbers for practical plant
breeding purposes.
A major problem, especially with anther
and microspore culture, is that varieties
differ markedly in the way they respond to
these methods, with some varieties
responding very poorly or not at all. In
Western Australia, barley varieties such as
Stirling responded well to anther culture,
while other varieties such as Franklin,
Chariot, and Mundah responded poorly.
The numbers of plants produced (per 100
anthers cultured) by different varieties are
outlined in Table 1. Crosses involving at
least one responsive parent (e.g. Stirling x
Franklin) will generally respond to anther
culture, but it is more difficult to produce
large numbers of doubled haploids from
crosses where both parents are recalcitrant
to anther culture (e.g. Franklin x Chariot).

50

1
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No. anthers cultured

Variety/Cross

Green plants per 100
anthers cultured

VARIETY

83SM:522
(WA breeding line)
Stirling
Gairdner
Chariot
Franklin
Mundah

590

35

RELEASE WITH

807
1,771
501
765
646

26
6
2
2
0

HAPLOIDS

Stirling/Franklin/Skiff
Franklin/Chariot

4,091
3,765

13
1

DOUBLED

Pretreatment of barley anthers with high
concentrations of mannitol significantly
improved green plant
regeneration
compared with cold pretreatment.

The number of doubled haploid plants
produced when using the wheat and maize
wide-crossing method is less dependent on
the variety used. However, differences in
production are still found between crosses,

Table 1 (see left):
Green plant
regeneration from
some barley
varieties and
crosses in Western
Australia.

The mannitol pretreatment resulted in

with variations occurring in the number of

improvements for varieties that were both

embryos obtained and the numbers of

responsive (Stirling) and non-responsive

embryos that successfully germinate.

(Franklin). Further improvements were
made with Franklin by combining the

Stress pretreatments
Experiments carried out in the Western
Australian program in 1997 identified
improvements in green plant regeneration
by altering the stress pretreatment.

culture

to induce

increased

carbohydrate

induction

levels in the

medium.
The best treatment resulted in 120 and 54
green plants per 100 anthers for Stirling
and Franklin, respectively.

Stress pretreatments are frequently used in
anther

mannitol pretreatment with

microspore

The mannitol pretreatment was compared
with cold pretreatment in a number of
crosses in the Western Australian program,
resulting in improved green plant
regeneration in all crosses. The results are
outlined in Table 2.

embryogenesis. Cold pretreatment, where
excised spikes (barley ears) are stored at
4°C for 14 to 28 days, is widely used in
many programs.
An alternative is mannitol pretreatment,
where anthers are pretreated on a medium

At present, anther culture with mannitol

containing mannitol for 3 to 5 days.

pretreatment is the main method used to

Cross
Chariot/Franklin/Harrington
Onslow/Harrington(F5)/Franklin
Onslow/Harrington( F5 )/Gairdner
Stirling/Franklin(F5)/Gairdner
Franklin/Harrington
Franklin/Skiff
Mean

Green plants per 100 anthers
Cold Pretreatment
Mannitol Pretreatment
6
6
36
17
3
3
12

(748)'
(6,251)
(5,554)
(6,430)
(10,190)
(2,682)

59
102
66
36
85
21
62

(2,300)'
(1,063)
(1,386)
(1,595)
(159)
(3,689)

Table 2 (see left):
Comparison of
cold and mannitol
pretreatment from
six crosses in the
Western Australian
program.

' Figure in parentheses is the number of anthers cultured
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No. of doubled haploid lines in field evaluation
Year

WITH DOUBLED

No.

No. D H lines

Seed bulking

Crosses

produced

& preliminary

HAPLOIDS

Table 3: Number
of doubled haploid
barley lines
produced and
evaluated in field
trials in Western
Australia.

evaluation

Breeding program stage 2 trials

:

Crop variety
testing

BS2/B2D

B2.1

B2.2

1993

3

1,060

1994

11

2,101

1,060

1995

8

1,559

1,958

1996

12

2,068

1,559

1,628

135

1997

31

2,816'

1,704

1,075

309

32

1998

32

2,474

1,798

1,840

239

69

Total

97

12,078

Stage 3

6

Due to improved seed production following DH production, some of these lines were progressed directly to breeding
program stage 2 trials.
Refer Figure 1
generate barley doubled haploids in
Western Australia. However, it is hoped
to replace this method with microspore
culture in the next few years to further
improve efficiency of doubled haploid
production.

Use in Agriculture Western Australia
breeding programs
Anther culture was incorporated into the
Western Australian Barley Breeding
Program in 1993 to fast-track the
development of new malting barley
varieties for Western Australia. Doubled
haploids are now in various stages of field
evaluation (Table 3) and comprise about
20 per cent of the total barley breeding
program.
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The most advanced doubled haploid lines
are currently in their first year of Crop
Variety Testing with promising malting and
yield results.
The wheat doubled haploid program is
newer and began in 1997. To date, about
3500 wheat doubled haploid lines have
been produced, and the first wheat doubled
haploids entered field trials in 1998.
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